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I. PURPOSE 

Our primary objective is to grow large single crystals of L,aÄ103 

doped with Cr from a hydrothermal system, usirig seed crystals pro- 

duced from a molten salt system.   Factors influencing the growth of 

large single crystals such as regions of congruent solubility, crystal 

stability, and degree of solubility will be examined. 
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II.       ABSTRACT 

Large crystals cf LaAlOj have been successfully growr from a 

straight PbFj flux.    However,  soak temperatures above 1400oC are re- 

quired for solution of LaF3 formed by the reaction of La203 and PbF2. 

These high temperatures result in premature failure of the furnace and 

platinum container.    PbFi was, therefore, abandoned and a search was 

initiäted to modify the PbFj flux, or to find a more suitable solvfeiit. 

Among the solvents investigated were PbO-PbF^, BaO and Bi^Os, all 

with small additions of B203.   Results are encouraging. 

The regions of phase stability have been determined for LaAlOj 

and La(OH)3 under hydrothermal conditions.   From this data it is ap- 

parent that in order to operate in a region where LaAlOs i8 ttie oti^Y 

stable solid and to stay below the 435eC transition temperature, the 

solvent concentrations must be  <2 or  > 7 m K2C03.   The composition 

of the fluid was analyzed quantitatively for alumina and lanthana content. 

Although the data show considerable scatter, they are in agreement with 

and have confirmed the observed crystallization of solid LafOH);.   In the 

large crystal growth autoclaves, spontaneous nucleation of LaAlO} in the 

growth chamber has been obtained from a nutrient composed of powdered 

LasO) and flame fusion ruby pieces.    The physiochemical nature of the 

nutrient has added to the difficulty of calculating a correct fill.   Only 

seven runs have been made thus far. 
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HI.      STAT 

This report covers the six-month period December 31, 1964, through 

July I, 1965* Table I indicates the completed goals set forth at the begin- 

ning of this Contract and the current status of u cmp^tsd or^s. The most 

serious delays were caused by the necessity to explore new solvent systems 

because of the inability to grow LaAlOj from PbF2 f^xes below 14000C, and 

the delivery of autoclaves which failed to hold the hydrothermal system be- 

cause of faulty construction. 

I 

I 
I 
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IV.      MOLTEN SALT EFFORT 

A,    Crystal Growth 

A summary of all molten salt runs is shown in Table 11. 

I An attempt was made to optimize growth conditions for the 

growth of large seed crystals.   All the runs up to this point had been 

made in 250 ml crucibles, and all had been too slushy to pour,  even at 

f 1300eC.    It was felt that perhaps this was due to high evaporation rates 

of PbF2 in small crucibles and too much solute. 

The first run in the 5 1/4 inch can, where evaporation is only 

I about 1 percent, was No. 34.   <3öa Table II).   In this run, 22 m percent 

La203 and 22 m percent AljOj were heated to 1300ftC with PbF2 as solvent. 

At the lOOO'C pour temperature, once again, the solution was a slushy 

I mass with a few LaA103 plates on the surface. 

r It has been planned to explore a higher crystallization temper- 

L 
ature range.    Run No.  35 gave us the opportunity to explore the 1200 to 

f 
|^ ISOO'C range.   This run, with about two and one-half times as much total 

I* material as No. 34, was soaked with the pedestal reading 1300*C and the 

plug at l400oC.   The purpose of the large difference was to encourage the 

JL LaAlOj to crystallize on the bottom of the can instead of on the surface of 

Is the melt as is usually the case.   A defective controller caused a more rapid 
mm. 

cooldown than had been programmed, and the temperature at the pedestal 

was raised to 1400eC for one hour in order to redissolve any crystals that 

had been formed.    The plug temperature was at 15006C during this soak 
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Molten Salt Effort (contitmed) 

period and with the rotation of the melt it can be assumed that the temper- 

ature In the crucible was HSO'C, or higher.   When the crucible was re- 

B moved at i200*C after a 2*C per hour cooldown, the usually slushy melt 

was abstnt.    Instead, a thin crust of LaAlOj had formed over the surface 

of the melt, which, when broken,  revealed a perfectly liquid flux, which 

im 

f ^as easily poured.   About 100 grams of LaAlOj had formed on the walla 

and base of the can, of much better quality than any grown previously. 

It was not immediately apparent whether the increased quality of the crys- 

tals and the fluid melt were caused by the higher temperatures, the tem- 

perature gradient or the reduced solvent evaporation caused by the crust, 

which covered the surface.    Two additional runs were made, Run No.  38 

with a &T of 140eC with a pedestal soak temperature of only 1300SC, and 

Eun No. 39 with a 1400*C pedestal soak temperature and a AT of 100#C. 

Bun No.  38 with the lower soak temperature had better quality growth than 

No. 39 and liquid flux under the crust, but there was still some evidence 

of incomplete solution because most of the crystals were bunched together 

at the center of the base of the can.    The soak period of two hours used for 

No.  38 was increased to 4 hours for No,  39 and the soak temperature raisea 

from 13000C to 14009C with a äT of 1000C.    The result was the highest yield 

yet obtained, 430 grams, with good quality crystals of a size suitable ftr hy- 

drothermal seeds obtained from about 10 percent of the yield, see Figure I. 

One rod measuring 0. 121'* x 0.910U grew completely free of flux inclusions. 
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I Molten Salt Effort (contiaued) 

Three explanations lor the sudden increase in quality and yield of 

■ LaAlOj iti Run No*  39 are possible 

| 1»     The crust, which formed over the melt in 5 1/4 inch cans 

somehow prevented oxide formation or evaporation from taking place to the 

same extent as in the 250 ml crucibles.    The obvious test of this theory was 

I a run in a sealed platinum can. 

Z,     The 44 m percent solute concentration was simply too 

great for solution below i400eC.    The test of this theory was to repeat Run 

No.  39 with 50 percent less solute at a 1300eC soak temperature, 

P 3.     The formatioa of insoluble LaFj by the reaction of La203 

and PbF2 in the melt prevented the formation of LaAlO^.    The LaFj did not 

dissolve completely until soak temperatures in excess of about 14S0CC were 

reached.    The test of this theory was the same as under No. Z above. 
i 

Run No. 46 was used to test theory No,   1.   A platinum can measur- 
es 

ing about 3 inches long by 2 1/2 in-hes wide was filled with only 15 m percent 

LagC^ and 15 m percent MgOit with 69 m percent PbF2 added as flux.    The 

cover was carefully welded on and the crucible inserted into a 3 inch furnace 

maintained at 1400SC,    There was no AT, and a 2 hour soak period was pro- 

p grammed followed oy a 15SC cooling rate.    The crucible was removed at 1250eC. 

The cover was quickly punched open with a can opener.    There was no liquid 
r 

phase.   When the cover was removed, there were no crystals of LaAl03. 

' Runs 44 and 47 were two attempts to test theory No.  2.   Unfortunately, 
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Molten Salt Effort (contmued) 

an attempt was made to produce Cr doped crystals as a by-product of these 

experiments.    Both platinum cans failed due to corrosion, apparently caused 

by reduction of PbO to metallic lead when Cr      was oxidized to Cr +.    This 

reaction apparently occurs quite readily in lead salts,   A third attempt with- 

out Cr, Run No.  51, was successfully completed.    H this run,  14 m percent 

La^Dj and AlgOj, respectively, were added to 64 m percent PbF^ and 7. 5 m 

percent BzOj.    The crucible was soaked at a pedestal temperature of 1350ÖC 

and a plug temperature of 1400SC for 50 hours, then slowly cooled to 1200'C 

at the rate of 1SC per hour.   When oper^d, there was virtually no liquid phase 

and no crystals.    These two experiments and Run No,  39 essentially proved 

proposition No.  3 and a detailed analysis of this mechanism may be found in 

the Discussion Section of this report. 

One major problem exists,  however, in the production of crystals 

at such high temperatures from molten PbF|.    Furnace life and platinum cru- 

ciole life are drastically reduced at l500eC and above.    Every time a furnace 

was used at greater than 1400eC it had to be completely rebuilt.   Even 1350'C 

reduces the lifetime of the furtiAce.   So severe was the furnace attack, in fact, 

that a search for a new solvent system was started in spite of the success which 

had been achieved with PbF^. 

B.    Solvent System Investigation 

Pure PbO was the original solvent used by Remeika    in the synthesis 

of LaA103.    This solvent resulted in only very small crystals and proved to be 
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Molten Salt Effort (continued) 

very corrosive to platmum particularly whea Cr3+ was used.    In the light of 

our previous experience, three solvents suggested themselves: 

1.     PhO~PhF1-B20} 

This solvent, which is a modification of pure PbF2, ap- 

peared attractive because of the PbO-PbF2 eutectic at 500eG.    It has been 

used successfully for the growth of YIG   and YAG. 3 

Run No.  53, with about 13 m percent La203 and Al203l 

respectively, was heated to 13006G with a PbO-PbFj-B^ mixture of 37. 

35 and 0, 6 m percent, respectively.    The crystals produced whenthe run 

was poured at 840eC were small, clear crystals, similar to those that grow 

in pure PbO.    In addition,  LaFj was present.    It was necessary to go to quite 

high PbO values to prevent LaF3 production.   Run No.  58 was made with 9 m 

percent PbFg and 63 m percent PbO, in order to minimize LaFj production. 

Again, only very small LaAl03 crystals were grown. 

I.     BaO-B203 

4 
This solvent has been used for the growth of YIG,      It con- 

tained no Pbf so corrosion of platmum should be absent.    It has a low vapor 

pressure so evaporation is not a problem. 

Run No.  52 used 7 m percent L,a203 and Al^Oj,  respectively, 

in 52 m percent BaO and 33 m percent B^ in a 250 ml beaker.    Unfortunately, 

the BaO appeared to be very impure.   No crystals of LaAlOj grew and the flux 

had a dirty violet appearance.   An attempt to purify this flux by premelting with- 
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Moltar  Salt Effort (continued) 

out solute atid decanting the pure liquid was only partially- successful.    BaO^ 

which is available in reagent grade was tried next, tit no crystals were found 

in the melt» 

3.     Bi^-BgO, 

5 
This solvent has been used to grow GaFe03.      Run No.  54 

consisted of 17 and 18 m percent La2Oj and AlgO^, respectively, with 38 m 

percent BijO^ and 27 m percent BgOj as flujt»    The crystals produced were 

very small but cleur, and very little solvent poured off at the 1070° pour 

temperature.    The run was repeated. No.  55, with a lower solute concen- 

tration of 10 and lim percent La^Oj and Al^Oj in 46 m percent Bi^O^ and 

33 m percent BgC^.   No crystals grew from this composition, so the com- 

position and conditions of No.  54 were repeated as Bun No.  57,    In this 

case, the photocell failed in the West controller, causing a rapid cooldown 

to 500 9C# but good LaAlO^ crystal growth on the surface of the solidified 

melt was obtained,   Ä third run. No. 61    identical to No.  57, also pro- 

duced crystals of LaÄ103.   These crystals measure approximately 5 x 5 x 

3 mm and are light-greea or gray and of fair quality. 
i 
i. :| 

The B^Oj-B^Oj solvent thus appears to be the best sol- I 
1 
1 

vent found thus far.    It has a eutectic at 622 eCt low volatility and is not 
i 
! 

corrosive.   An attempt will be made to optimize growth conditions using I 

tnis solvent, I 
! 

C.    Solubility of LaAl03 in PbF2 

Although we have abandoned PbF^ as a solvent for JLaAlOj, con- 
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Molten Salt Effort (cotitinued) 

siderable work was done in an effort to obtain phaee equilibrium data in the 

PhFj-La^C^-Al^C^ system.    We present this work since it may be of help to 

workers in the field dealing with related systems. 

Molten salt solubility techniques used successfully with ruby are 

obviously not applicable to LaAlC^ grown in PbF2 systems, because of the 

formation of insoluble LaF3.    Only those runs in which this phase has been 

dissolved and LaAlOj crystallizes can be used for solubility determinations. 

Run No.  39 was such a run (see Table II).    The flux from this run, which 

was poured at IZOO'C was analysed ehemlcaUy and by X-ray diffraction. 

The wet analysis indicated 21.88 wt percent LaAlOj and 16.28 wt percent 

LaFj in the flux at the 12006C quench temperature.    The estimate obtained 

by X-ray diffraction was 20 wt percent LaAlOj. 

Solubility determinations utilizing the loss in weight of LaAlOj 

crystals immersed in PbF2 in sealed platinum tubes were stymied by two 

factors.   One was the high percentage of leaks in the sealed tubes at low, 

as well as high temperatures.    The other was the very high apparent solu- 

bility values obtained because the LäAIOJ crystals formed LaFs when dis- 

solved in PbF^   A summary of all weight loss solubility runs may be found 

in Table III. 

The tubes were crimped in a 3 jaw chuck and welded closed with 

L an electric arc.    It was found that equilibrium was achieved in 48 hours. 

At the quench temperature, they were dropped into a bucket of water.    Those 
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Molten Salt Effort (cotitinued) 

that Lad water inside when they were opened were presumed to have leaked. 

Some that were dry inside, but showed large weight changes, were considered 

to have leaked als:».   Seventy-two percent showed evidence of leaks.   Several 

corrections were made in the tubes and welding procedure. 

1. Tubes were increased in length from 11/2 inches 

to 4 inches long, 

2, Tubes were filled to less than one-half total length 

and the    emaining volume was flattened before sealing, 

I 3.     The crimping procedure in the 3 jaw chuck was 

abandoned in favor of welding the flattened top of a tube folding over 

1/8 inches and welding again. When this latter procedure was used 

for Nos. 26, 27, 28, and 29, all remained leak-free. 

Solubility values varied widely; however, even in the tubes that 

did not leak at 1200SC, for example. Run No.  18, gave a value of 75.83 per- 

1 cent,  yet at 1000*CS Run No. 24 gave a value of 222,44 percent, and No. 27 

was greater than 142. f   =»rcent.    The reason for the wide variation of solu- 

bility values is not known, but there is an indication of retrograde solubility. 

I A run with sapphire, instead of LaAlOä at 1000eC, gave a value of 9. 67 per- 

cent vs.   10.01 wt.  percent reported by Giess, using a similar technique. 

The values are close enough together to indicate that the technique is being 

I duplicated.   A new series using the new sealing method,  but with Bi203 as 

the solvent, will be started soon. 
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Molten Salt Effort (continued) 

D. Chrommm Doping 

Several runs were made in order to grow LaAlOi crystals with 

3+ 
Cr     .    Bun No,  4i contained 0.009 m percent Cr203 in the melt.    The crys- 

tals were a deep red and fluoresced very weakly under 3660A mercury radi- 

ation.    Corrosion of the crucible was not excessive.    The same percentage 

of Cr in two 5 1/2 inch cansf  Nos. 44 and 47, led to premature failure of 

the platinum can when only a slightly higher soak temperature than the 

1400 "C used with No,  41 was employed. 

E. Discussion 

The major constituent found in the solidified melts in the PbF»- 

Al203-La203 system is LaF3.   Also detected are PbAl204 and PbO as well 

as some PbF2.    It is obvious that two reactions take place during the heat 

up and soak stagest 

3 PbF2 + LagOs "* 2 LaF, *  + 3 PbO (1) 

PbO + AljOj -* PbAl204 (2) 

It appears that LaF, solubility in the PbO that results from the 

double decomposition reaction of (1) is quite low, below 1400eC. The small 

yield of LaA103 crystals usually found as a thin crust on the surface of the 

melt along with a few cubes of LaA103, (see Figure Z), is a result of this 

limited solubility. As the soak temperature approaches the melting point 

of LaFj which is 14939C, however, a rapid increase in solubility occurs. 

Just what the exact mechanism is that results in the formation of LaAlOj 
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Figure 2 

Photograph of Crucible with Crystals Attached 
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Molten Salt Effort (continued) 

crystals upon cooling from a soak temperature of l500eC is not knovm,  but 

the reactions: 

LaF3 + PbAl204 ■* LaAlOj + AIF3 f   + PbO (3) 

3 PbF2 + LagOj + A12Ü3   ?L-QOeC» LaÄ103 + LaF3 + A1F3  t + 3 PbO (4) 

offer an explanation, probably oversimplified, of what takes place in solution 

during crystal growth.   An analysis of the crystals and flux from No.  39 re- 

veals that of 12.44 m La and 12.4«) m Al in the original composition,   10. 18 m 

La could be accounted for in the flux and crystals after the run and only 6.65 m 

Al.    The weight loss which took place during the run,  2 pounds 10 ounces, could 

be accounted for largely by the combined loss of AlFj z 487 gms and LaF^ s 

431 gms.    Further evidence of AIF3 formation and sublimation was obtained 

from a similar analysis of Run No.  41, which was heated to only 1400eC.    In 

this case, 0. 167 m La and 0. 347 m Al remained out of a total 0.972 m each. 

The loss of A1F3 was less at lower temperatures. 

If equipment were available which would enable crystal growth at 

temperatures of 1500*C, it appears that PbFi would be a satisfactory solvent 

for the growth of LaA103. 

In view of the above, solubility experiments using either the sealed 

tube or fluxed melt techniques must be soaked at 1500BC in order to dissolve 

all the LaFj formed.    The value of 22 wt. percent LaA103 for Run Nc.  39 which 

was soaked near 15000C probably comes close to an accurate value for LaAiOj 

solubility in this system at 1200oC. 
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V.        HYDROTHERMAL EFFORT 

A.     Tem-Pres Studies 

1-.      Phase Studies 

The major effort during the past half year has been expended 

on projects utilizing the Tem-Pres apparatus. 

A wide-range program was carried out to outline the P,   T, 

and solvent concentration regions of stability for LaAlOj and La{OH)3 espe- 

cially in the areas below the reported transition temperature (435eC).    The 

stability of LaAlOj was studied as a function of temperature and K2C03 con- 

centration at a constant pressure of 20,000 psi.    The results are shown in 

Figure 3.    Note that the LaA103 field narrows with decreasing temperature. 

It appears that at 400oC# K2C03 concentrations of less than 2 molal are re- 

quired if the pressure is 20,000 psi. 

Data were also acquired t-» determine the stability dependence 

of LaAlOj on pressure.    Tem-Pres runs made af    00oC and at different pres- 

sures and KjC03 concentrations are shown in Figure 4,    Run duration varied 

from 24 to 64 hours.    It was found that 24 hours was sufficient to assure equi- 

libiium     The stability field of LaA103 apparently has a minimum in it at about 

5 m K2CO5 and 5,000 psi.    Over 150 data points have been collected to date in 

order to provide information on phase equilibria and/or fluid composition. 

In order to select the best solvent concentration and to investi- 

gate the composition of the hydrothermal solutions in greater detail, we have 

attempted to obtain more quantitative data from the hydrothermal solutions 
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Hydrothermal Effort (continued) 

by analyzing the contents in the following fashion: 

A hypodermic needle (20 gauge x 1 1/2 inches long) is in- 

serted into the quenched capsule and the liquid contents are withdrawn into 

the attached syringe.    Generellv the capsule is severely deformed after re- 

moval from the hydrothermal environment,  preventing ready insertion of 

the needle.    To avoid this difficulty,  the capsules are expanded back to 

their original volume by a heat treatment.    The interior of the capsule is 

purged of all water soluble materials and any fine precipitates by repeated 

injections and withdrawals of deionized wafer. 

Analysis for total aluminum and lanthanum is performed on 

the collected rinsings and a calculation of their concentrations in the orig- 

inal hydrothermal fluid is made. 

Accurate results depend upon assumptions that: 

1. The quenching rate is great enough to produce the 

required finely divided gelatinous precipitate or suspenrion. 

2. Negligible crystallization occurs on existing solids. 

3. The gelatinous matter is entirely removed by the 

rinsing technique. 

4. The solids present at quenching are well formed 

crystals too large to be withdrawn by the hypodermic needle. 

The work has been difficult since only about 0.6 grams of sol- 

vent are used per capsule.   Assuming even a very high apparent solubility of 

Page 21 

Airtron, a division of Litton Industries 



RU-488 

Kydrotherma 1 Effort {conti nued) 

tea percent,  this would mean the total solute available foi analysis is only 

60 mg which can be considered composed of LajO, and AljOs.    The separa- 

tion and analysife for each constituent must be carried out and related to the 

change of a hydrothermal variable, which would have less than a 10 percent 

effect.    As a result, the data show scattering,  some of which are shown in 

Figure 5.    These data have been smoothed out and are presented in Figure 6, 

Note that the solid lines representing ÄI2O3 and La203 do not diverge greatly 

from stoichiometry, the mole percent ratio being 1, 1 to 1.2.    The lower 

molar solubility for La(g03 is in agreement with the appearance of La{OH)3 as 

a solid phase separating out as the solvent concentration increases. 

2.     Crystal Growth 

Crystal growth attempts at 400oC in the Tem-Pres has been 

plagued by the almost constant appearance of L.a{OH)j in the high pressure 

form.    Lanthanum hydroxide crystals form on the seed surface and grow 

outward from it.   A typical example of La(OH)3 crystals growing on a LaA103 

seed is shown in Figure 7.   Growth of the La(OH)5 is caused by an incongru- 

ent solubility condition which brings about a much higher ratio of aluminum 

to lanthanum in solution than the ratio of aluminum to lanthanum in LaA103. 

Therefore, as the system is warmed up,  LaAlOj dissolves until the solution 

is saturated with respect to lanthanum at this point.   However, the solution 

is still far below saturation with respect to aluminum.   Selective dissolution 

of aluminum takes place at the surface of the LaA103 crystal causing super- 
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RU-488 

Hydrothermal Kffojft (cotitinued) 

saturation and subsequent nucleation of lanthanum as LaCOHlj.    The process 

is continued until the solution solubility requirements are satisfied or the 

LaAlOj surface is "sealed off" ey La(OH)3 crystals.    Deposition of La^OH^ 

can only be a temporary effect since it is caused by the incongruent solu- 

bility condition,  but nonetheless it is a very serious condition.    High quality 

seeds could be completely covered by La(OH)3 deposition, 

ß.     Large Autoclaves 

Very little progress has teen made in Ute area of large crystal 

growth.     This is mainly due to autoclave problems.    A three iT.cnth delivery 

time plus improper faorication of the seal parts by the manufacturer have 

caused unexpected delays in the growth of large crystals.    Upon their re- 

ceipt, a earful examination of the autoclaves oy Airtron revealed faulty 

machining of the critical sealing surfaces.    Upon the manufacturer's insis- 

tence. Airtron tested the vessels hydrothermally.    Both seals failed,  one 

at 4,000 psi and 350eC and the other at 13,000 psi and 450oC; whereas, the 

manufacturer's rating is 30,000 psi at 593BC. 

The marafacturer has since remachined, tested, and returned 

ooth vessels,    Airtron,  in :urn,  retested both vessels and found them to be 

satisfactory.    They are both being used routinely at the present time. 

Seven large LaAlC^ crystal growth runs have been completed as 

of June 30,   1965.    Most of the runs were made in vessels of the same size 

purchased under Contrac* AF 33(657)-10508 for the hydrothermal growth of 

ruoy. 
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;e Crystal Growth Buns 

The fivgt problem that arose in coniunctloa with large crvstal 

gj-.-wlh rung wag the lack of an adequate supply of LaAlOj nutrient.    A mix- 

ture of clashed fl&me fuc4on ruby and powdered La^U^, was tried as tuuviont 

in P"-n F.a- ;.      Operating cctvditions were 9,000 psi with a growth tempera- 

turs o. ii^'C and a dissolution temperature of 528*0-    Solvent w    3 7 mclai 

80   Dc 

rn^t^ 

f.h\ 

For tne tirst run an estliviate c>f the interral fill required to pro- 

thc  P-1   conditions deferred .vas made.    Our first approximation Aas 

rceai internal iili with a 60 peicent external fill to produce an esti- 

d 10, UyiS psi at an average temperature of 425eC 

Actual opeLat?ng conditions produced a pressure of 9,000 psi but 

average temt^ratare of 495 aC or 70oC higher than estimated     It wys 

us that the percent internal fill must be increased considerably in orde..* 

hitve 10^000 psi at 4250C average temperature. 

The seeds dissolved during the tun.  but all the ruby and La303 had 

ad to form LaAlOg as verified by X-ray diffraction analysis.    The re- 

i-<aAlO- had a grey-jfreen color with an octahedral hau-:.    Some portions 

'. nutrient material fluoresced orange imder ultraviolet light.    The fluo- 

nf  po.nions were excised from the rutrient and X-ray analysis was made. 

naterlaJ which was white and crumbly v.aä foend to be LaAlO-      The souiu 

-i.--t HL. t nee has not vet been deie icmined,   but is probably a rare eartb 

rr\y> ^ruv  .r the  La?0^. 
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Hydrc-thermU St'fort (cotmuuftd) 

However, the fact that the mixture did react hydrothermally to pro- 

duce LaAlC^, provided an interim source of nutrient (though not entirely suit- 

able) until the nutrient problem is solved.    Armed with a reliable source of 

nutrient, a series of runs were planned to determine fill conditions for pres- 

sure balance and,  if possible,  obtain crystal growth and/or spontaneous nu- 

cleation. 

Seal leakage forced termination of Run No.  La-2 befcj- any datt 

could be obtained. 

The planned conditions for L,a-3 were the same as for La-1; that is, 

425X average temperature,  10, 000 psi with 7 m KgCO^    Internal fill was ad- 

justed to 90 percent and external fill to 65 percent as compared to 80 percent 

and 60 percent previously.   Actual P-T conditions achieved were 14,000 psi 

at 4220C average temperature or 10,000 psi at 4030C average temperature. 

Equilibrium conditions were at 15,000 psi, 405eC growth temperature and 

468"C dissDlution temperature. 

All seeds were dissolved completely as in the previous run but a 

heavy deposit of La{OH)3 was found on the wall and lid of the silver can.    This 

deposit is expected from the phase data presented in Figures 2 and 3. 

For the next run, (La-4),  conditions within the region of LaAlO, 

stability were selected from the phase diagram to provide a region for crystal- 

lizarion that would be free of La(OH)3 contamination,   A percent fill "as selected 

by extrapolating prior data to the P-T range desired.    The ability to predict a 
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Hydrothermal Effort (continued) 

I 

P-T relationship from a value of percent fill increases rapidly as the num- 

ber of trials becomes larger,   A relatively small number OA runs can be 

made at differing fills which will provide data points which can be interpo- 

lated or extrapolated with reasonable accuracy. 

The selected conditions were 10,000 psi at 450',C average tem- 

perature to be produced by an 85 percent intarnal fill of 7 m K2C03.   Actual 

data recorded an average temperature of 453"C at 10,000 psi.   Conditions 

throughout the run averaged 11,000 psi with a growth tempersiürc <■»£ 437'C 

and a dissolution temperature of 496'C* 

Again all seeds dissolved but there was a large amount of spon- 

taneously nucleated LaAlOj deposited on the can walls and seed rack.    Ver- 

ification of L,aAl03 was accomplished by X-ray diffraction analysis.    The 

X-ray pattern and the morphology of the spontaneously deposited crystals 

were the same as the reacted nutrient seen hi every run.   Substantiation of 

the phase diagram and crystal growth feasibility (by spontaneous nucleation) 

.-•^re esUblished during the run. 

Our next run,  (La-5), was an attempt to utilize a hot pressed mix- 

ture of LagOj and Ala03 as nutrient.   Since spontaneous nucleation had been 

achieved in No.  La-4, the same conditions were selected for La-5,    Tne nu- 

trient was in the form of a cylindrical brickette approximately 2 inches in 

diameter by 2 inches high.    Crushing the brickette produced pieces of a size 

suitable for use as nutrient. 

Page  29 

Airtron, a division of Litton Industries 



B11-488 

Hydrothermal Effort (coatinued) 

Ti the particle size of the nutrient is too small, the physical ap- 

pearance of a mixture ot solvent and powder is that of a thick phase.    The 

paste-like condition severely restricts solvent flow through the bulk of the 

nutrient.   Only a very shallow layer on the top surface of the nutrient is 

available for dissolution.    Flow restriction can readily cause subsaturation 

of the solvent during warm-ur.   Seeds in contact with a subsaturated sol- 

vent will dissolve until they are gone or until the liquid is saturated. 

The crushed ruby and powdered La^Oi normally used <*§ nutrient 

could be termed a "paste".    The hot pressed nutrient did not turn entirely 

to paste during the run which is somewhat encouraging.    However, the 

seeds still did not dissolve away completely.    Further experiments will be 

conducted with sintered and/or hot pressed mixed powders and hydrother- 

mally reacted LaAlOv 

Two runs, Nos. La-6 and La-8 (La-7 deferred to future), were 

made at 1 m K2C03 to test growth feasibility at the low molality end of the 

phase diagram. In both runs, the nutrient was reacted but no spontaneous 

nucleation was observed. 

A tabular summary of the runs made to date is shown in Table IV. 

D.    Discussion 

The phase stability study made to this time has not encompassed 

the full range of all variables.   The data have been restricted to the pres- 

sure, solvent concentration and temperature conditions where it appeared 
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Hydrothermal Effort (continued) 

to be desirable to carry out crystal growth, particularly below 4350C.    From 

the data collected for the stability of LaAl03 and La(OH)3, it was r-»»-.eluded 

that at 400oC crystallization of only LaAlC^ could be carried    ^> f.t reason- 

able pressures but only at very lew (less than Z m) or very hip!   (greater 

than 7 m) K2COl concentrations. 

Growth under other conditions would set up a transitory state in 

which La(OH)3 would form until steady state conditions were attained.    The 

existence of a high pressure form of La(OH)3 had been shown by öhafer and 

6 
Roy   who also reported the X-ray diffraction data for this phase.    Thf phase 

diagram as reported by them is shown in Figure 8.    The pressure and tem- 

peraMre conditions data for the appearance of this phase are in that area 

v here crystal growth of LaAlC^ would seem to be most desirable.    Further- 

more, the correspondence of these data with the findings of this study are 

in fair accord.    Four small capsules were etiarg-d with La203,  ? m K2C03 

solution and then at 400eC subjected to pressures of 5, 000,   10, 000,   15, 000, 

or 20, 000 psi to check on the pressure solvent concentration dependency for 

the appearance of the high pressure La(OH)3 phase.    In all cases, part of the 

La203 was converted to La(OH)3; the rate of conversion appearing to be pres- 

sure dependent.   The greatest degree of conversion to La(OH)3 occurred in 

the capsule operated at the highest temperature.    The results of this experi- 

ment would indicate that the requisite pressure for the conversion to La(OH)3 

is lowered by the presence of base. 
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Hydrotherrnal Effort (continued) 

The source and form of nutrient was shown to be somewhat of a 

problem in two ways.    First,  in attempts to prepare a sintered material, 

it was found that these samples would disintegrate on standing in air due 

to the hydroscopic n iture of Lai03.    This disintegration occurred even 

after firing the equimolar Al203-La203 mixtures to 2000eC.    The high tem- 

perature vacuum pressed sample was fairly successful but further inves- 

tigation of this material is required. 

The second area where a lack of suitable nutrient produces dif- 

ficulty is in calculation of the proper percent of fill necessary to produce 

a requisite pressure and temperature.    The estimation of fill requires 

several runs in any case but we encountered more difficulty than antici- 

pated.    We believe this was due in part to thi hydrolysis of La203 by the 

K2C03 solutions changing the effective void volume when powdered LajOj 

and crushed ruby were used. 

Although extensive crystal growth on the seeds has not been ob- 

tained as yet, the observation of spontaneously nucleated crystals is most 

encouraging.    The work for the coming months will be directed entirely 

toward the growth of large crystals. 
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VI.      SUMMARY AND CONCLUSIONS 

Precipitation of insoluble LaF3 from PbF2 melts render this solvent 

impractical for crystal growth of LaAl03 below about 1500oC soak temper- 

atures and these high temperatures lead to rapid furnace and crucible fail- 

ure.    Of the solvent systems investigated,  Bi203-B203 appears to hold the 

most promise as a substitute. 

The phase stability and solubility studies of LaAlOj would indicate 

that solvent concentrations of less than Z m or greater than 7 m KJCOJ 

should be used in order to grow crystals below the 4350C transition tem- 

perature for LaAlOj.   Seven runs have been xnade in the large autoclaves 

and, as anticipated,  some difficulties have been encountered with nutrient 

and fill conditions.   Spontaneous nucleation of LaA103 in the growth cham- 

ber was achieved. 
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VII.     PROGRAM FOR THE NEXT PERIOD 

During the next period, we will: 

1. Further attempts will be made to grow EaA103 from 

BaO-B403. 

2. Optimize growth conditions for the growth of LaAK^ 

in Bi203-B203 fluxes. 

3. Use both the flux melt and sealed tube technique to 

determine solubility of LaA103 in this system. 

4. Grow crystals of LaAlOj at least 1 cm   of a quality 

suitable for use as hydrothermal seeds by slowly cooling large 

batches in the 6 inch furnace. 

5. Continue to investigate possible nutrient sources. 

a. Sinter hydrothermally synthesized LaA!03. 

b. Sinter equimolar evaporated samples of lanthanum 

and aluminum, nitrates or oxalates. 

6. Make further adjustments of fill conditions as required 

by nutrient changes. 

7. Grow crystals in regions determined from phase study 

below 435eC. 

8. Carry out an investigation of growth above 4359C. 

9. Study the optical fluorescence of chromium doped sam- 

ples as grown. 

10.     Determine dopant levels by X-ray analysis. 
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Program for the Next Period (contmued) 

11. Investigate quality of sufficiently large crystals for 

strains, dislocations, etc. , by the Lang X-ray technique. 

12. Investigate LaAlC^ phase transition and relation to 

growth conditions. 

I 

Page 37 

Airtron, a division of Litton Industries 



Rl 1-488 

VIII.   REFERENCES 

1. J,  P. Remeika.  J. Am. Chem. Soc. ,  78, 4259.  (1956). 

2. J.  W. Nielsen and E.  F. Dearborn, £.  Phys. Chem. Solids, 
5, 202,  (1958). 

3. L.  G. Van Uitert, W.  H.  Grodkiewicz. and E.  F. Dearborn, 
J. Am. Ceram. Soc. .  48,   105,  (1965). 

4. R. C.  Linares, J. Am. Ceram. Soc. , 45, 307. (1962). 

5. J.  P. Remeika, J. App.  Phys. , 3^, 263 5,  (i960). 

6. M. W. ShaferandR. Roy, J. Am. Ceram. Soc . 42,  567, 
(1959). — 

Page  38 

Airtron, a division of Litton Industries 

i. i 


